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(54) ZOOM LENS HAVING VIBRATION COMPENSATING FUNCTION 
(5 7) Abstract: 

PROBLEM TO BE SOLVED: To obtain a zoom lens having a vibration compensating 
function capable of maintaining good optical performance over a whole variable power 
region in which the vibration compensation is performed in spite of the comparatively 
simple constitution. 

SOLUTION: This zoom lens is composed, in order from an object side, of a first lens 
group LI having a negative refractive power, a second lens group L2 having a positive 
refractive power, a third lens group L3 having a positive refractive power and a fourth 
lens group L4 having a positive or a negative refractive power, power variation from a 
wide-angle end to a telescopic end is performed by moving the first, second and third 
lens groups on an optical axis, the fourth lens group L4 is a fixed zoom lens and the 
blurr of a photographied image when the zoom lens L4 is oscillated is compensated by 



moving the third lens group L3 in the direction almost perpendicular to the optical axis. 
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* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

I.This document has been translated by computer. So the translation may not 
reflect the original precisely. 



2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 

CLAIMS 
[Claim(s)] 

[Claim 1] The 1st lens group which has negative refractive power in order [ side / 
body ], and the 2nd lens group which has forward refractive power, It consists of 
a 3rd lens group which has forward refractive power, and a 4th lens group which 
has forward or negative refractive power. On the occasion of the variable power 
from a wide angle edge to a tele edge, move this 1st, 2nd, and 3rd lens group, 
and an optical-axis top is performed. Bure of a photography image when this 4th 
lens group is a zoom lens which is immobilization and this zoom lens vibrates - 
this 3rd lens group — an optical axis and abbreviation - a zoom lens with the 
oscillating compensation function characterized by compensating by making it 
move in the perpendicular direction. 

[Claim 2] A zoom lens with the oscillating compensation function according to 
claim 1 characterized by having an aperture diaphragm near the back of said 
2nd lens group. 



[Claim 3] When the focal distance of fFW, fFT, and said 3rd lens group is set to 
f3 for the synthetic focal distance of said 1st lens group [ in / for the focal 
distance of the whole system in a wide angle edge and a tele edge / fW, fT, a 
wide angle edge, and a tele edge ], and said 2nd lens group, respectively, - 
0.2<(fW-fT)1/2/fFW<1 .0-1 .0<(fW-fT)1/2/fFT<0.20.4<(fW-fT)1/2/f3 Zoom lens 
with the oscillating compensation function according to claim 1 or 2 
characterized by satisfying <2.0. 

[Claim 4] Said 4th lens group contains at least one positive lens and negative 
lens, and sets the focal distance of this 4th lens group to f4, and the focal 
distance fT in the tele edge of the whole system is standardized to 1 . When the 
PETTSU bar sum of said 3rd lens group at this time and the 4th lens group is set 
to P3 and P4, respectively, - 0.4<(fW-fT)1/2/f4 Zoom lens with the oscillating 
compensation function according to claim 1 , 2, or 3 characterized by considering 
as the configuration with which are satisfied of <0.80.5<P3<2.0-0.4<P4<0.8. 
[Claim 5] When the focal distance in the tele edge of the whole system is 
standardized to 1 and the spherical-aberration multiplier of said 1st lens group, 
the 2nd lens group, and the 3rd lens group is set to 11, 12, and 13, respectively, - 
2.0<I1/I2 - < -0.5-0.2<l3/l2 - < - Zoom lens with the oscillating compensation 



function according to claim 1, 2, 3, or 4 characterized by considering as the 
configuration with which are satisfied of 0.6. 

[Claim 6] Said 2nd lens group and said 3rd lens group are a zoom lens with an 
oscillating compensation function given in any 1 term of claims 1-5 characterized 
by moving in one on the occasion of variable power. 

[Claim 7] A zoom lens with the oscillating compensation function of claim 1-6 
characterized by having the migration diaphragm which moves to the image 
surface side of said 3rd lens group independently of other lens groups on the 
occasion of variable power given in any 1 term. 

[Claim 8] It is a zoom lens with the oscillating compensation function of seven 
given in any 1 term from claim 1 characterized by for said 2nd lens group to 
consist of the body side from the positive lens which turned the convex to the 
body side in order, the positive lens of the shape of a meniscus which turned the 
convex to the body side, and the negative lens of the shape of a meniscus which 
turned the convex to the body side, and for said 3rd lens group to consist of the 
lamination lens which joined the negative lens, the positive lens or the positive 
lens, and the negative lens 

[Claim 9] Said 4th lens group is a zoom lens with the oscillating compensation 



function of eight given in any 1 term from claim 1 characterized by having the 
negative lens which turned the concave surface to the body side, and the 
positive lens which turned the convex to the image surface side. 
[Claim 10] It is a zoom lens with the oscillating compensation function of nine 
given in any 1 term from claim 1 characterized by said 1st lens group changing 
in order [ positive lens / of the shape of a meniscus which turned the convex to 
the meniscus-like negative lens / with which the positive lens was turned and it 
turned the convex to the body side /, negative lens, and body side ] from a body 
side. 

[Claim 1 1] It is a zoom lens with the oscillating compensation function of nine 
given in any 1 term from claim 1 characterized by said 1st lens group changing 
in order [ positive lens / of the shape of a meniscus which turned the convex to 
the negative lens / of the shape of a meniscus which turned the convex to the 
body side /, negative lens, and body side ] from a body side. 
[Claim 12] Sequentially from a body side, consist of a 1st lens group which has 
negative refractive power, a 2nd lens group which has forward refractive power, 
and a 3rd lens group which has forward or negative refractive power, and the 
variable power from a wide angle edge to a tele edge is faced. It is the zoom lens 



which is made to move said 1st lens group and said 2nd lens group in an 
optical-axis top, and considers said 3rd lens group as immobilization. Bure of a 
photography image when this zoom lens vibrates - some lens groups of said 
2nd lens group - an optical axis and abbreviation -- a zoom lens with the 
oscillating compensation function characterized by compensating by making it 
move in the perpendicular direction. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to a zoom lens with the oscillating 
compensation function in which the device in which blurring of the photography 
image which is the zoom lens of a comparatively simple configuration of having 
had the about 3-time variable power ratio which includes the common focal 
distance of a wide angle region to an inside looking-far region especially about 
the zoom lens with the oscillating compensation function to use for a single-lens 
reflex camera, a video camera, etc., and is generated by accidental vibration 
was compensated was provided. 
[0002] 

[Description of the Prior Art] Many so-called standard zoom lenses which 
perform variable power on both sides of the becoming focal distance which 
spreads diagonal length, ****, etc. of a photography screen are proposed by 
current. Even if it pays its attention only to the configuration of the lens group for 



performing variable power, there are 3, 4, 5 group configurations, and various 
things from 2 group configurations. Among these, although a thing (positive lead 
type) forward in the focal distance of the lens group arranged most at a body 
side becomes suitable to lengthen the focal distance of a tele edge and realize 
the zoom tens of a high variable power ratio, it has the inclination for lens 
configurations and those drives to become complicated. 

[0003] Conversely, a thing (negative lead type) negative in the refractive power 
of the lens group arranged most at a body side becomes suitable [ the focal 
distance of a tele edge ] to realize the wide angle zoom lens and the standard 
zoom lens of a comparatively simple configuration which shortened the focal 
distance of a wide angle edge, although it is hard to lengthen not much. 
[0004] The various proposals also of the zoom lens of such a negative lead are 
made conventionally, and what realized especially the standard zoom lens which 
amended many aberration for the lens group good as three groups or 4 group 
configurations is proposed by JP, 60-40605, B, JP,63-58326,B, etc. 
[0005] The 1st which has negative refractive power in order from a body side in 
JP, 60-40605, B The 2nd which has a lens group and forward refractive power 
The 3rd which has a lens group and forward or negative refractive power By 



considering as 3 group configurations of a lens group, the variable power ratio 
has mainly proposed the standard zoom lens which is about 2 times. 
[0006] The 1st which has negative refractive power in order from a body side in 
JP, 63-58326, B The 2nd which has a lens group and forward refractive power 
The 3rd which has a lens group and forward refractive power The 4th which has 
a lens group and negative refractive power By considering as 4 group 
configurations of a lens group, the variable power ratio has mainly proposed the 
standard zoom lens which is about a little less than 3 times. 
[0007] a part of lens group which constitutes especially optical system as a zoom 
lens possessing the device in which blurring of the photography image 
generated by accidental vibration during photography is compensated on the 
other hand — an optical axis and abbreviation for example, these people have 
proposed [ the zoom lens with which it is made to move in the perpendicular 
direction and vibration is compensated ] by JP,2-35406,A or JP,8-136862,A. 
[0008] In JP,2-35406,A, the suitable operation gestalt to apply mainly to the 
taking lens for lens shutter cameras is indicated. 3 group zoom lens which 
consists of a 1st lens group which has negative refractive power in order from a 
body side in this official report, a 2nd lens group which has forward refractive 



power, and a 3rd lens group which has negative refractive power - setting » 
some of the 3rd lens groups -- an optical axis and abbreviation - the 
configuration which compensates blurring of a photography image is indicated 
by making it move in the perpendicular direction. 

[0009] Moreover, in JP,8-136862,A, the suitable operation gestalt to apply 
mainly to the standard zoom lens for single-lens reflex cameras is indicated. 4 
group zoom lens which consists of the 1st lens group which has forward 
refractive power in order from a body side in this official report, a 2nd lens group 
which has negative refractive power, a 3rd lens group which has forward 
refractive power, and a 4th lens group which has forward refractive power » 
setting - the 2nd lens group - an optical axis and abbreviation ~ the 
configuration which compensates blurring of a photography image is indicating 
by making it move in the perpendicular direction. 
[0010] 

[Problem(s) to be Solved by the Invention] In the optical system which the 
parallel eccentricity of some lens groups which generally constitute a zoom lens 
is made to carry out perpendicularly to an optical axis, and performs 
vibrationproofing, although there is an advantage of not requiring special optical 



system, such as adjustable vertical-angle prism, for vibrationproofing, there is a 
trouble that the yield of the eccentric aberration at the time of vibrationproofing 
increases. 

[0011] Moreover, in case a vibrationproofing compensation device is carried, for 
example in a standard zoom lens, in order to realize the miniaturization of 
amending many aberration good including [ in the case of oscillating 
compensation ], or the whole equipment, it is necessary to set up appropriately 
predetermined conditions, such as refractive power of each lens group, and 
power arrangement. 

[0012] This invention by moving some lens groups which constitute a zoom lens 
to an optical axis and a perpendicular direction, and setting up appropriately the 
refractive power of each lens group, power arrangement, etc., in case Bure of an 
image when this zoom lens vibrates (tilt) is amended Though it is a 
comparatively simple configuration, while maintaining good optical-character 
ability over all variable power regions Also when the miniaturization of the whole 
equipment is enabled also when the device for oscillating compensation is 
provided, and oscillating compensation is performed, it aims at offer of a zoom 
lens with the oscillating compensation function which can carry out things to 



obtain a good image. 
[0013] 

[Means for Solving the Problem] The zoom lens with the oscillating 
compensation function of this invention (1-1) The 1st lens group which has 
negative refractive power in order [ side / body ], The 2nd lens group which has 
forward refractive power, and the 3rd lens group which has forward refractive 
power, And consist of 4th lens groups which have forward or negative refractive 
power, and on the occasion of the variable power from a wide angle edge to a 
tele edge, move this 1st, 2nd, and 3rd lens group, and an optical-axis top is 
performed. Bure of a photography image when this 4th lens group is a zoom lens 
which is immobilization and this zoom lens vibrates - the 3rd lens group — an 
optical axis and abbreviation - it is characterized by compensating by making it 
move in the perpendicular direction. 
[0014] 

[Embodiment of the Invention] Drawing 1 , drawing 8 , drawing 15 , and drawing 
22 are the lens sectional views of the numerical examples 1-4 of this invention. 
In the lens sectional view, in (A), a wide angle edge and (B) show middle, and 
(C) shows the zoom location of a tele edge. 



[0015] The wide angle edge of the normal state of the numerical example 1 of 
this invention, middle, the aberration Fig. of a tele edge, drawing 5 - drawing 7 of 
drawing 2 - drawing 4 are the wide angle edge of the oscillating compensation 
condition of the numerical example 1 of this invention, middle, and the aberration 
Fig. of a tele edge. 

[0016] The wide angle edge of the normal state of the numerical example 2 of 
this invention, middle, the aberration Fig. of a tele edge, drawing 12 - drawing 14 
of drawing 9 - drawing 11 are the wide angle edge of the oscillating 
compensation condition of the numerical example 2 of this invention, middle, 
and the aberration Fig. of a tele edge. 

[0017] The wide angle edge of the normal state of the numerical example 3 of 
this invention, middle, the aberration Fig. of a tele edge, drawing 19 - drawing 21 
of drawing 16 - drawing 18 are the wide angle edge of the oscillating 
compensation condition of the numerical example 3 of this invention, middle, 
and the aberration Fig. of a tele edge. 

[0018] The wide angle edge of the normal state of the numerical example 4 of 
this invention, middle, the aberration Fig. of a tele edge, drawing 26 - drawing 28 
of drawing 23 - drawing 25 are the wide angle edge of the oscillating 



compensation condition of the numerical example 4 of this invention, middle, 
and the aberration Fig. of a tele edge. 

[0019] Among drawing, the 3rd lens group of forward refractive power and L4 
are the 4th lens groups, the 1st lens group of refractive power negative in L1 , the 
2nd lens group of refractive power forward in L2, and L3 have forward refractive 
power in the numerical examples 1, 2, and 3, and it has negative refractive 
power in the numerical example 4. 

[0020] While making it move, having a convex locus for the 1st lens group L1 in 
an image surface side like an arrow head on the occasion of the variable power 
from a wide angle edge to a tele edge, it is made to move to a body side in one 
or independently, and the 2nd lens group L2 and the 3rd lens group are 
performed. The 4th lens group L4 is immobilization in the case of variable power. 
[0021] With this operation gestalt, Bure of a photography image when the 3rd 
group L3 is moved to an optical axis and a perpendicular direction and a zoom 
lens vibrates (tilt) is amended. SP is an aperture diaphragm, prepares behind the 
2nd group L2, and is moving with the 2nd group in the case of variable power. 
[0022] MP is a migration diaphragm, and prepared between the 3rd group L3 
and the 4th group L4, it was made to move to a body side independently in the 



case of the variable power from a wide angle edge to a tele edge, and it has cut 
the flare of the harmful light generated from a middle zoom location, applying to 
a tele edge. IP is the image surface. 

[0023] The 4th lens group has at least one positive lens, negative lens, and at 
least one aspheric surface, and has amended many aberration good by this. 
[0024] The zoom lens with the oscillating compensation function of this operation 
gestalt has succeeded in amending many aberration good also not only in a 
normal state but in an oscillating compensation condition, as the field angle of 
about 75 degrees and a tele edge has the variable power ratio whose variable 
power ratio it is about 30 degrees and is about a little less than 3 times and the 
field angle of a wide angle edge is shown in an aberration Fig. 
[0025] Moreover, the movement magnitude of the lens group to which it is made 
to move for oscillating compensation of a predetermined include angle is also 
enough few things so that it may write together in the numerical example shown 
later, and it has composition effective in realizing the miniaturization of 
equipment. In addition, although the aberration Fig. shows only the aberration 
Fig. in case the object distance is a method of infinite distance, with this 
operation gestalt, the 1st lens group L1 is moved to a body side, the focus is 



performed, and contiguity photography also has the composition that good 
optical-character ability is obtained. 

[0026] the 3rd lens group which can amend many eccentricity aberration which 
is lens groups with the comparatively small outer-diameter dimension of a lens 
group among each lens group which the standard zoom lens negative lead type 
[ comparatively little ] of a number of a lens group which moves as shown in the 
lens sectional view is used for this invention, and constitutes this zoom lens, and 
generates on the occasion of oscillating compensation good — an optical axis 
and abbreviation - make it move in the perpendicular direction and vibration is 
compensating. 

[0027] The fundamental lens configuration of a negative lead type standard 
zoom lens is 2 group zoom lens of moving an optical-axis top, in order to keep 
the location of the image surface constant, while the lens group of negative 
refractive power and the lens group of forward refractive power are arranged in 
order from a body side and these two lens groups decrease mutual spacing on 
the occasion of the variable power from a wide angle edge to a tele edge. In 
order to shorten the overall length of optical system here, the negative lens 
group arranged most at a body side is taken as the both-way locus on the 



occasion of variable power. 

[0028] and two positive lens groups of the 2nd and 3rd lens group which has 
suitable refractive power for a positive lens group -- dividing — one 3rd lens 
group of them - an optical axis and abbreviation - vibration is compensated by 
making it move in the perpendicular direction. 

[0029] The 4th lens group of immobilization for aberration amendment was 
added to the image side of this fundamental negative lead type of standard 
zoom lens, and many aberration is amended good. This 4th lens group has 
amended the comatic aberration generated mainly with the asymmetry of the 
whole optical system good. 

[0030] The zoom lens with the oscillating compensation function of this invention 
Thus, the 1st lens group which has negative refractive power sequentially from a 
body side as a whole, The 2nd lens group which has forward refractive power, 
and the 3rd lens group which has forward refractive power, four lens groups of 
the 4th lens group which has forward or negative refractive power — a negative 
lead type standard zoom lens — constituting — the 3rd lens group in this — an 
optical axis and abbreviation -- vibration is compensated by making it move in 
the perpendicular direction. 



[0031] this invention - further - the near back of the 2nd lens group - an 
aperture diaphragm - preparing - especially an oscillating compensation sake 

— an optical axis and abbreviation - the outer-diameter dimension of the 3rd 
lens group which makes it move in the perpendicular direction was made small, 
and the miniaturization of equipment is realized more. 

[0032] Although the zoom lens with the oscillating compensation function made 
into the purpose of this invention is attained by satisfying the above terms and 
conditions, it is good to satisfy at least one of the following terms and conditions 
to attain the miniaturization of the whole optical system, having still better 
optical-character ability. 

[0033] When the focal distance of fFW, fFT, and said 3rd lens group is set to f3 
for the synthetic focal distance of said 1st lens group [ in / for the focal distance 
of the whole system in [A1] wide-angle edge and a tele edge / fW, fT, a wide 
angle edge, and a tele edge ], and said 2nd lens group, respectively 
-0.2<(fW-fT)1/2/fFW<1.0 (1), 

- 1.0<(fW-fT)1/2/fFT<0.2 (2) 

0.4<(fW-fT)1/2/f3 <2.0 (3) 

It is satisfied. 



[0034] Conditional expression (1) and conditional expression (2) are formulas 
which specify the ratio of the geometric mean of the synthetic focal distances 
fFW and fFT of the 1st lens group in a wide angle edge and a tele edge, and the 
2nd lens group, and the focal distances fW and fT of a wide angle edge and a 
tele edge, and conditional expression (3) is a formula which specifies the ratio of 
the geometric mean of the focal distance f3 of the 3rd lens group, and the focal 
distances fW and fT of a wide angle edge and a tele edge. 
[0035] conditional expression (1), conditional expression (2), and conditional 
expression (3) - a wide angle edge and a tele edge - setting - an oscillating 
compensation sake — an optical axis and abbreviation — the refractive power of 
the 3rd lens group which moves in the perpendicular direction, and the whole 
lens group arranged from this at a body side was set up appropriately, and 
incidence was carried out to the 3rd lens group by such conditional expression, 
and it has set up so that the inclination of a paraxial ray to be injected from now 
on may become suitable. 

[0036] considering as the refractive-power arrangement with which are satisfied 
of these terms and conditions — the 3rd lens group — an optical axis and 
abbreviation — though the eccentric sensitivity at the time of making it move in 



the perpendicular direction (movement magnitude of the image to the movement 
magnitude of a lens group) is maintained greatly, amendment of many 
eccentricity aberration is made comparatively easy. Thus, the configuration 
number of sheets of a lens group was lessened enough, having made it possible 
to enlarge eccentric sensitivity of the 3rd lens group and to lessen movement 
magnitude of this 3rd lens group, and having used amendment of many 
eccentricity aberration as comparatively easy, and much more miniaturization is 
realized. 

[0037] [A2] Said 4th lens group contains at least one positive lens and negative 
lens, and sets the focal distance of this 4th lens group to f4, and the focal 
distance fT in the tele edge of the whole system is standardized to 1. When the 
PETTSU bar sum of said 3rd lens group at this time and the 4th lens group is set 

to P3 and P4, respectively -0.4<(fW-fT)1/2/f4 <0.8 (4) 

0.5<P3<2.0 (5) 

- 0.4<P4<0.8 (6) 

It is satisfied. 

[0038] Conditional expression (4) is a formula which specifies the ratio of the 
geometric mean of the focal distance f4 of the 4th lens group, and the focal 



distances fW and fT of a wide angle edge and a tele edge, and conditional 
expression (5) and (6) are formulas which are formulas which specify the 
PETTSU bar sum of the 3rd lens group and the 4th lens group itself and to 
specify. 

[0039] After considering as the refractive-power arrangement with which are 
satisfied of above-mentioned conditional expression (1), conditional expression 
(2), and conditional expression (3), this invention Furthermore according to such 
conditional expression (4), conditional expression (5), and conditional 
expression (6), by setting up the refractive power of said 4th lens group 
comparatively weakly, and setting the PETTSU bar sum as a suitable value In 
case the 3rd lens group is moved to an optical axis and an abbreviation 
perpendicular direction and vibration is compensated, it has amended good 
especially about the eccentric curvature of field to generate. 
[0040] When the focal distance in the tele edge of [A3] whole system is 
standardized to 1 and the spherical-aberration multiplier of said 1st lens group, 
the 2nd lens group, and the 3rd lens group is set to 11, 12, and 13, respectively, it 

is -2.0<l1/l2<-0.5 (7) 

- 0.2<I3/I2 -- < - 0.6 (8) 



It is satisfied. 

[0041] Conditional expression (7) is a formula which specifies the ratio of the 
value of a spherical-aberration multiplier [ in / in conditional expression (8) / the 
tele edge about said 3rd lens group and said 2nd lens group ] about said 1st lens 
group and said 2nd lens group. By conditional expression (7), the 
spherical-aberration multiplier of said 1st lens group and said 2nd lens group is 
distributed so that an absolute value may turn into a near value with an opposite 
sign, and optical system consists of these whole lens group so that it may 
become a small value. 

[0042] Moreover, it constitutes so that it may become a fairly small value 
compared with the value of the spherical-aberration multiplier of said 2nd lens 
group about the value of the spherical-aberration multiplier of said 3rd lens group 
by conditional expression (8). Although it is desirable for the value of the 
spherical-aberration multiplier of the whole optical system to turn into a small 
value, of course on the occasion of the design of optical system, the degree of 
freedom that it can enlarge, respectively or can be made small exists in the value 
of the spherical-aberration multiplier of each lens group. 

[0043] By setting up the residual spherical aberration of each lens group 



appropriately using this degree of freedom, such conditional expression 
specifies the conditions for amending good about eccentric comatic aberration, 
especially though it is small lens number of sheets. In addition, that especially 
such conditional expression has prescribed the tele edge takes into 
consideration that it is in the inclination it to become more remarkable than a 
wide angle edge the image of the photograph center by eccentricity deteriorating 
the direction of a tele edge, on the occasion of amendment of the variation rate 
of an image. 

[0044] In addition, in the numerical examples 1-4, although it is not changing, 

spacing for the variable power of said 2nd lens group and said 3rd lens group 

may change spacing of these lens groups, and according to this, it can amend 

fluctuation of many aberration for variable power still better. 

[0045] If these lens spacing is not changed and it is made to make it move in one 

on the occasion of variable power, there are the features that a device becomes 

simple. Any operation gestalt becomes effective for each purpose. 

[0046] In addition, in the lens configuration to which the 2nd lens group and the 

3rd lens group are moved in one on the occasion of variable power, these lens 

groups may be dealt with as one lens group (it becomes the new 2nd lens 



group.), and the 3rd lens group to which it is made to move for oscillating 
compensation may be dealt with as some lens groups of the 2nd lens group. 
[0047] At this time, the 4th lens group turns into the 3rd lens group, and this 
invention can be dealt with as a zoom lens which consists of three lens groups 
as a whole. At this time, the basic configuration of a zoom lens with the 
oscillating compensation function of this invention Sequentially from a body side, 
consist of a 1st lens group which has negative refractive power, a 2nd lens group 
which has forward refractive power, and a 3rd lens group which has forward or 
negative refractive power, and the variable power from a wide angle edge to a 
tele edge is faced. It is the zoom lens which is made to move said 1st lens group 
and said 2nd lens group in an optical-axis top, and considers said 3rd lens group 
as immobilization. Bure of a photography image when this zoom lens vibrates — 
some lens groups of said 2nd lens group - an optical axis and abbreviation - it 
will compensate by making it move in the perpendicular direction. 
[0048] [A4] Said 2nd lens group consists of the body side from the positive lens 
which turned the convex to the body side in order, the positive lens of the shape 
of a meniscus which turned the convex to the body side, and the negative lens of 
the shape of a meniscus which turned the convex to the body side, and said 3rd 



lens group is consisting of the lamination lens which joined the negative lens, the 
positive lens or the positive lens, and the negative lens. This has obtained high 
optical-character ability over all variable power range. 

[0049] [A5] Said 4th lens group is having the negative lens which turned the 
concave surface to the body side, and the positive lens which turned the convex 
to the image surface side. This has obtained high optical-character ability over 
the whole screen. 

[0050] It is consisting of the meniscus-like negative lens with which said 1st lens 
group's turned the positive lens, and turned the convex to the body side, the 
negative lens, and the positive lens of the shape of a meniscus which turned the 
convex to the body side in order [ side / [A6] body ]. This has obtained high 
optical-character ability over the whole screen. 

[0051] This invention has realized the zoom lens with a comparatively simple 
and good oscillating compensation vibrationproofing function in this way by 
improving suitably some lens groups which constitute it using the description of 
each lens group of a negative lead type standard zoom lens. 
[0052] in addition — the eccentric aberration generated when some lens groups 
of optical system carry out eccentricity in the direction perpendicular to an optical 



axis — "optics" — it is indicated by No. 12 of the 24th volume (December, 1995) 
etc. 

[0053] Aberration component delta[ on the image surface generated with the 
eccentricity (eccentricity E) of the form where it displaces horizontally to the 
reference axis of optical system ] Y (E), and deltaZ (E) are expressed with the 
following forms when setting to (R, phi) the polar coordinate which expresses the 
incidence location of the beam of light on omega and an entrance pupil for the 
field angle showing the location of the object point. 

[0054] deltaY(E) =-(E/2alpha I ) [(deltaE) +tan2omega{3(VE1)-(VE2)}+2Rcos 
phitan omega{3(IIIE)+(PE)}+R2] (ME (2+cos 2phi)) deltaZ (E) =-(E/2alpha') 
[2Rsin phitan omega{3(ll!E)+(PE)}+R2 sin2phi (ME) --] the value of a body 
paraxial ray [ in / in alpha' in the right-hand side of these formulas / the image 
space of optical system ] Moreover, (deltaE), (VE1), (VE2), (HIE), (PE), and 
(I IE) are constants decided by structure of the optical system called an eccentric 
aberration coefficient. The element in optical system which carries out 
eccentricity, and the part located in the back are related to the value of these 
eccentric aberration coefficients, and a front part is not related at all from the 
element which carries out eccentricity. 



[0055] then — if the part in optical system which carries out eccentricity is made 
to call Element A and the part of the back Element B as shown in drawing 29 - 
the value of an eccentric aberration coefficient — the paraxial trace value before 
and behind Element A, and Elements A and B - it is expressed as follows using 
the value of each 3rd aberration coefficient. In addition, paraxial trace value 
alphaA, alpha'A alphaA, alpha'A The include angle to make shall be expressed 
as an optical axis in the space before and behind the element in which a body 
paraxial ray and a pupil paraxial ray (it is bar upwards it is shown that the 
attached amount is a thing about a pupil paraxial ray) carry out eccentricity, 
respectively. 

[0056] (deltaE) =-2(alpha'A -alphaA) (VE1) ={alpha'A VB -alphaA 
(VA+VB)}-{alpha'A 1MB -alphaA(IIIA+IIIB)} 
(VE2) = alpha'A PB - alphaA (PA+PB) 

(III E) ={alpha'A 1MB -alphaA (MIA+IIIBJHalpha'AIIB-alpha A} (MA +11 B) 

(PE) =alpha'A P B-alphaA (ME (PA+PB)) ={alpha'A IIB-alphaA} (MA+MBHalpha'A 

IB -alphaA (IA+IB)} 

Here, for eccentric distortion addition aberration and (HIE), zero migration and 
(VE1 of (deltaE)) are [ eccentric distortion aberration and (VE2) ] eccentric 



aberration coefficients as which eccentric astigmatism and (PE) express an 
eccentric curvature of field, and (HE) expresses eccentric comatic aberration, 
respectively. 

[0057] The zoom lens with the oscillating compensation function of this invention 
has amended small enough generating of the eccentric aberration characterized 
in this way by considering as the above configurations. 

[0058] Next, the numerical example of this invention is shown, a numerical 
example setting -- ri — a body side — the i-th lens thickness and air spacing, 
and ni and nui are the radius of curvatures of the i-th lens side, and di is the 
refractive index and the Abbe number of glass of the i-th lens in order from an 
each body side in a body side. Moreover, the relation between the 
above-mentioned monograph affair type and many numeric values in a 
numerical example is shown in Table -1. 

[0059] Moreover, an aspheric surface configuration is [0060], when set the 
radius of curvature of the core of a lens side to R, the X-axis is set as the 
direction of an optical axis (travelling direction of light), a Y-axis is set as an 
optical axis and a perpendicular direction and B, C, D, and E are made into an 
aspheric surface multiplier, respectively. 



[Equation 1] 



It expresses with the becoming formula. Moreover, "D-OX" means "x10-X." 
[0061] 

[External Character 1] 



[0062] 

[External Character 2] 



[0063] 

[External Character 3] 



[0064] 

[External Character 4] 



[0065] 
[Table 1] 



[0066] 

[Effect of the Invention] According to this invention, some lens groups which 
constitute a zoom lens are moved to an optical axis and a perpendicular 
direction as mentioned above. In case Bure of an image when this zoom lens 
vibrates (tilt) is amended, by setting up appropriately the refractive power of 
each lens group, power arrangement, etc. Though it is a comparatively simple 
configuration, while maintaining good optical-character ability over all variable 
power regions Also when the miniaturization of the whole equipment is enabled 
also when the device for oscillating compensation is provided, and oscillating 
compensation is performed, a zoom lens with the oscillating compensation 
function which can carry out things to obtain a good image can be attained. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] The lens sectional view of the numerical example 1 of this invention 
[Drawing 2] The aberration Fig. of the wide angle edge of the reference condition 
of the numerical example 1 of this invention 



[Drawing 3] The middle aberration Fig. of the reference condition of the 
numerical example 1 of this invention 

[Drawing 4] The aberration Fig. of the tele edge of the reference condition of the 
numerical example 1 of this invention 

[Drawing 5] The aberration Fig. of the wide angle edge of the oscillating 
compensation condition of the numerical example 1 of this invention 
[Drawing 6] The middle aberration Fig. of the oscillating compensation condition 
of the numerical example 1 of this invention 

[Drawing 7] The aberration Fig. of the tele edge of the oscillating compensation 
condition of the numerical example 1 of this invention 

[Drawing 8] The lens sectional view of the numerical example 2 of this invention 
[Drawing 9] The aberration Fig. of the wide angle edge of the reference condition 
of the numerical example 2 of this invention 

[Drawing 10] The middle aberration Fig. of the reference condition of the 
numerical example 2 of this invention 

[Drawing 11] The aberration Fig. of the tele edge of the reference condition of 
the numerical example 2 of this invention 

[Drawing 12] The aberration Fig. of the wide angle edge of the oscillating 



compensation condition of the numerical example 2 of this invention 

[Drawing 13] The middle aberration Fig. of the oscillating compensation 

condition of the numerical example 2 of this invention 

[Drawing 14] The aberration Fig. of the tele edge of the oscillating compensation 
condition of the numerical example 2 of this invention 

[Drawing 15] The lens sectional view of the numerical example 3 of this invention 
[Drawing 16] The aberration Fig. of the wide angle edge of the reference 
condition of the numerical example 3 of this invention 

[Drawing 17] The middle aberration Fig. of the reference condition of the 
numerical example 3 of this invention 

[Drawing 18] The aberration Fig. of the tele edge of the reference condition of 
the numerical example 3 of this invention 

[Drawing 19] The aberration Fig. of the wide angle edge of the oscillating 
compensation condition of the numerical example 3 of this invention 
[Drawing 20] The middle aberration Fig. of the oscillating compensation 
condition of the numerical example 3 of this invention 

[Drawing 21] The aberration Fig. of the tele edge of the oscillating compensation 
condition of the numerical example 3 of this invention 



[Drawing 22] The lens sectional view of the numerical example 4 of this invention 
[Drawing 23] The aberration Fig. of the wide angle edge of the reference 
condition of the numerical example 4 of this invention 

[Drawing 24] The middle aberration Fig. of the reference condition of the 
numerical example 4 of this invention 

[Drawing 25] The aberration Fig. of the tele edge of the reference condition of 
the numerical example 4 of this invention 

[Drawing 26] The aberration Fig. of the wide angle edge of the oscillating 
compensation condition of the numerical example 4 of this invention 
[Drawing 27] The middle aberration Fig. of the oscillating compensation 
condition of the numerical example 4 of this invention 

[Drawing 28] The aberration Fig. of the tele edge of the oscillating compensation 
condition of the numerical example 4 of this invention 

[Drawing 29] The explanatory view about the aberration of optical system with 
eccentricity 

[Description of Notations] 
L1 The 1st lens group 
L2 The 2nd lens group 



L3 The 3rd lens group 
L4 The 4th lens group 
SP Aperture diaphragm 
MP Migration diaphragm 
IP Image surface 
d d line 
g g line 

deltas Sagittal image surface 
deltaM Meridional image surface 
h Image quantity 
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